A re-evaluation of the D-dimer cut-off value for making a diagnosis according to the ISTH overt-DIC diagnostic criteria: communication from the SSC of the ISTH.
Introduction
The diagnostic criteria for disseminated intravascular coagulation (DIC) established by the Japanese Ministry Health, Labor and Welfare (JMHLW) [1] , the ISTH [2] , the Japanese Association for Acute Medicine (JAAM) [3] and the Japanese Society of Thrombosis and Hemostasis (JSTH) [4] are mainly based on a scoring system of global coagulation tests (GCTs), including the findings for prothrombin time (PT), fibrinogen, platelet count (PLT), and fibrin-related markers (FRMs). However, a major issue with GCTs is that they are not specific for DIC, so a scoring system recommended by the ISTH guidance for the diagnosis and treatment of DIC is needed [5] .
Serious problems with D-dimer concern not only standardization but also the low cut-off value for scoring points for diagnosing DIC. D-dimer is generally used to exclude venous thromboembolism in Europe and North America, and the measurement range of D-dimer kits is therefore generally ≤ 4.0 lg mL À1 , resulting in values of 0.4-1.0 lg mL À1 being allocated 2 points and values of approximately 4 lg mL À1 being allocated 3 points in the ISTH overt-DIC scoring system [6, 7] . D-dimer values of 1 lg mL À1 and 4 lg mL À1 generally correspond to 2-4 lg mL À1 and 8-16 lg mL À1 fibrinogen degradation products (FDPs), respectively, and the allocation of respective DIC scores of 0 point and 1 point under the JAAM and JMHLW diagnostic criteria for DIC. Most patients in the intensive-care unit (ICU) tend to have high D-dimer levels. Therefore, the use of low cut-off levels of D-dimer for evaluation can result in overdiagnosis of DIC, so DIC diagnostic criteria based on the PLT and PT have been proposed [8] . In clinical trials for severe sepsis and suspected DIC, the presence of severe sepsis was determined on the basis of the PT, and not FRMs [9] . In the present study, the cut-off values of FDPs and several D-dimers (ISTH-1-4) for the ISTH overt-DIC diagnostic criteria were retrospectively evaluated in 247 ICU patients suspected of having DIC. This study recommends better cut-off values of D-dimer levels, but, unfortunately, not the best ones for diagnosing DIC.
Materials and methods
DIC [10] was diagnosed according to the JMHLW diagnostic criteria [1] , ISTH overt-DIC diagnostic criteria [2] , and JAAM DIC diagnostic criteria [3] . When a diagnosis according to the ISTH overt-DIC diagnostic criteria was made, FDP was used as an FRM in ISTH-1 (10 lg mL À1 ≤ FDP < 40 lg mL À1 , 2 points; ≥ 40 lg mL The study protocol was approved by the Human Ethics Review Committee of the Mie University School of Medicine. The study was carried out in accordance with the principles of the Declaration of Helsinki. The cases in which one or more of the following laboratory findings were present were included in the study: an FDP level of ≥ 10 lg mL À1 ; a fibrinogen level of ≤ 1 g L À1 ; and a PT ratio of ≥ 1.25. Hemostatic markers were measured with methods described in previous reports [11] [12] [13] . Plasma D-dimer levels were measured with a latex immune agglutination test or ELISA, by the use of STA-Liatest D-Di (Stago, Asni eres-sur-Seine, France), Nanopia D-dimer (Sekisui Medical, Tokyo, Japan) Liasauto D-dimer Neo (Sysmex, Kobe, Japan), LPIA-ACE D-dimer II (LSI Medience Corporation, Tokyo, Japan), Innovance D-dimer (Siemens, Marburg, Germany), and VIDAS D-dimer Exclusion II (bioMerieux, Marcy l'Etoile, France) [14, 15] .
Statistical analyses
The data are expressed as medians (25th-75th percentiles). The efficacy of the DIC diagnostic criteria was evaluated with a receiver operating characteristic (ROC) analysis. P-values of ≤ 0.05 were considered to indicate statistical significance. All of the statistical analyses were performed with STAT FLEX (version 6; Artec, Osaka, Japan).
Results
The present study included a total of 247 patients suspected of having DIC (median age, 66.0 years; 25th-75th percentiles, 50-76 years; 90 females and 157 males) who were admitted to the ICU of Mie University Hospital from 1 January 2010 to 31 December 2016. The underlying disease was infectious disease in 112 patients, solid cancer in 36, trauma in 32, aneurysm in 21, multiple organ failure without severe infection in 18, and other disease in 28.
According to the JMHLW diagnostic criteria, 87 patients were diagnosed with DIC, whereas 140 patients did not develop DIC during their clinical course (non-DIC) (Table S1 ). Twenty patients were in the pre-DIC state; although they did not have DIC at registration, they were associated with DIC within 1 week.
The ISTH overt-DIC diagnostic criteria diagnosed 47 patients in ISTH-1, 62 in ISTH-2, 40 in ISTH-3 and 76 in ISTH-4 with DIC, and the JAAM diagnostic criteria diagnosed 84 patients with DIC. The rates of agreement rate with the JMHLW diagnostic criteria were 54.0% for ISTH-1, 71.3% for ISTH-2, 46.0% for ISTH-3, 87.4% for ISTH-4, and 96.6% for the JAA diagnostic criteria.
The plasma D-dimer levels (Liasauto D-dimer Neo) in non-DIC and DIC patients were ≥ 0. 4 An ROC analysis shows the appropriate cut-off values for 2 and 3 points with ISTH overt-DIC diagnostic criteria for DIC, which excluded 50% and 75% of non-DIC patients (Table S2 ). The appropriate cut-off values differed among the six D-dimer kits examined, with 3.0 lg mL À1 and 7.0 lg mL À1 being the lowest values for 2 and 3 points, respectively.
Discussion
The plasma D-dimer levels were ≥ 0.4 lg mL À1 in 99.3% of non-DIC ICU patients, and most DIC patients had a DIC score of ≥ 2 points in ISTH-2. Although the sensitivity of ISTH-2 for DIC is high, the diagnosis of DIC by ISTH-2 depends on the PT or PLT. The ISTH guidance for the diagnosis and treatment of DIC recommends the diagnosis of DIC with a scoring system rather than with a single marker [5] . Therefore, as conceptualized by the SSC/ISTH, DIC is characterized by the generation of FRMs [2] . ) was reported in patients with cancer and those with infection [16] , suggesting that more than 3.0 lg mL À1 and 7.0 lg mL À1 (for 2 and 3 points, respectively) might be suitable as cut-off values for diagnosing DIC. The agreement rate with the JMHLW diagnostic criteria for DIC was 46.0% in ISTH-3, although the use of cut-off values was appropriate for diagnosing DIC. This suggests that the cut-off value of the DIC score (5 points) for the modified ISTH overt-DIC diagnostic criteria might be too high; indeed, when the cut-off value of DIC score was set at 4 points, the rate of agreement with the JMHLW diagnostic criteria for DIC increased to 87.4%. The best cut-off values for D-dimer and diagnosing DIC should be investigated further in a large-scale study.
In conclusion, the ISTH overt-DIC diagnostic criteria should depend on FRMs, such as D-dimer, so the cut-off value of DIC should be increased to > 3.0 lg mL À1 for 2 points and > 7.0 lg mL À1 for 3 points, as shown in Table S2 . The cut-off value of the DIC score should then be reduced to 4 points in order to obtain high sensitivity and high specificity for DIC.
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